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MASS ANALYSIS METHOD AND MASS
ANALYSIS APPARATUS

TECHNICAL FIELD

The present invention relates to an apparatus and method
for improving the accuracy of identification of proteins in
particular and for reducing processing time, using a mass
analysis apparatus.

BACKGROUND ART

Generally known methods for 1dentifying proteins or pep-
tides include the Edman degradation method and mass spec-
trometry.

An example of identification of proteins using a mass
analysis apparatus 1s disclosed in JP Patent Publication (Ko-

hyo) No. 9-510780 A (1997). In this example, a mass spec-
trum 1s predicted from public databases in which amino acid
sequence information about proteins and peptides 1s stored.
The predicted mass spectrum 1s compared with the mass
spectrum of a sample that has been actually measured, so as to
identily the sample based on the degree of correspondence.
An example of analysis of measurement results using pub-

lic databases for data processing 1n a mass analysis apparatus
1s disclosed in JP Patent Publication (Kokai) No. 5-164751 A

(1993).

DISCLOSURE OF THE INVENTION

Conventional methods have the following problems:

(a) Protein Identification Accuracy 1n an Unknown Sample

The mass of an 1on that has been determined by measure-
ment could correspond to many peptides in a database where
amino acid sequences of proteins are stored. In such a case, 1t
1s difficult to 1dentily a protein based on 1ts peptides due to the
large number of proteins that contain such peptides.

(b) Time Required for Identification Processing

Identification of proteins or peptides 1s implemented as a
post-measurement data processing. When a database of infor-
mation about amino acid sequences of proteins or peptide 1s
used, i1dentification accuracy 1s directly influenced by a
change 1n the contents of the database. For example, when the
measurement data 1s identical, peptides or proteins that have
so far been unknown could be identified through the use of a
most up-to-date database. In view of such possibility, 1t 1s
necessary to implement i1dentification processing each time
the database 1s updated. However, this would mean that, in the
current situation 1n which the contents registered in databases
are rapidly increasing and the amount of measurement data 1s
also steadily increasing, the time required for 1dentification
processing would increase dramatically. Thus, there 1s a
strong need for a method whereby time required for 1dentifi-
cation processing can be reduced.

(c) Amount of Sample Required for Identification

There are various types of proteins in the cells of living
organisms, some existing 1n large quantities and some 1n very
small quantities. If the purpose 1s to 1dentily a protein that
ex1sts 1n very small quantities, a measurable amount must be
secured. However, many proteins are not readily available or
are expensive, depending on the species or the type of tissue.

When a protein 1s 1dentified using a mass analysis appara-
tus, a liguid chromatograph mass spectrometer (LC/MS) or a

matrix-assisted laser desorption/ionization mass spectrom-
etry (MALDI-MS) 1s often used. In the LC/MS, a sample
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cluted from the LC is sequentially introduced into the MS
such that the mass spectrum that 1s measured varies con-
stantly. In the MALDI-MS, a sample that has been prepro-
cessed 1s disposed on a microplate or the like and 1rradiated
with laser for 1onization. Thus, when the amount of sample 1s
very small, 1ons will also appear 1n minute amounts and the
time 1n which they can be detected 1n the form of a mass
spectrum will also be very limited.

When protein 1dentification 1s implemented using a mass
analysis apparatus, the so-called MS/MS spectrum 1s gener-
ally used, which 1s obtained by cleaving 1ons that have once
been obtained, 1n order to obtain a more detailed mass spec-
trum. If the obtained mass spectrum constantly changes, or if
it appears only for a very small time, 1n some cases the
MS/MS spectrum cannot be obtained at once for all of the
ions. In particular, when there are only minute amounts of the
target protein or peptide, i1t 1s 1impossible to obtain a mass
spectrum by introducing the sample over and over again.
Theretore, there 1s a need for amethod whereby 1dentification
processing can be implemented using an MS/MS spectrum
even when the amount of sample 1s very small.

(d) Particular Protein Selectivity

When a protein or a peptide 1s measured using a mass
analysis apparatus, 1n some cases 1t 1s desired that a particular
protein be made the focus of identification. For example, a
particular protein can be selected in accordance with the
functional or structural properties of the protein, intra-cell
localization mformation, expression pattern, or association
with particular diseases. It 1s important to enhance protein
selectivity and improve the probability of 1dentifying a par-
ticular protein, instead of identifying proteins or peptides in a
random manner.

Furthermore, 1f selectivity to proteins other than a particu-
lar protein can be improved, 1t can be expected that, conse-
quently, the probability of identifying impurities or peptides
that have been modified after translation will be improved.

It 1s an object of the invention to provide a mass analysis
method and apparatus capable of identifying a protein or
peptide at higher speed and with greater accuracy using a
mass analysis apparatus.

In order to achieve the aforementioned object, the mven-
tion provides a mass analysis method whereby a sample 1s
ionized and a protein 1s analyzed using a mass analysis appa-
ratus, said method comprising:

selecting predetermined information from a database in
which information about proteins and peptides 1s stored, esti-
mating the mass of a selected component, and calculating
frequency information for each mass;

analyzing a sample using a mass analysis apparatus so as to
acquire a mass spectrum, selecting, based on the acquired
mass spectrum and the frequency information, a mass to be
used for identification, performing mass analysis using the
mass spectrum of the selected mass as a precursor ion, and
performing an identification process using a resultant mass
spectrum.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the tlow of processes 1n a first embodiment of
the invention.

FIG. 2 shows graphs indicating frequency information
accumulated in the first embodiment.

FIG. 3 shows an example of configuration of an apparatus
according to the invention.

FIG. 4 shows examples of screens for setting condition.
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FIG. 5 shows examples of screens displaying the result of
selection of precursor 10ns.

FI1G. 6 shows the flow of processes 1n a second embodiment
of the mvention.

FIG. 7 shows a graph indicating frequency information
accumulated 1n the second embodiment.

FIG. 8 shows the flow of processes 1n a third embodiment
of the invention.

FIG. 9 shows graphs indicating frequency information
accumulated 1n the second embodiment.

BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiments of the invention will be hereatter described.
First Embodiment

Apparatus Configuration

FI1G. 3 shows the configuration of a mass spectrometer and
a data processing apparatus to which the invention 1s applied.

In the present embodiment, a chromatography apparatus
10 for separating a sample, a mass analysis apparatus main
body 11, a control unit 15 for the mass analysis apparatus
main body, and a data processing unit 17 are connected via
signal lines 16. The mass analysis apparatus main body 11 1s
comprised of an 10n source 12 for 10on1zing a sample, a mass
analysis unit 13, and a detection unit 14. The data processing
unit 17 includes a keyboard 18 and a display unit 19.

The data processing unit 17 1s connectable to external
public lines such as the Internet, via which 1t can access
databases connected on networks to obtain necessary infor-
mation. Information stored in databases may also be obtained
through recording media, such as CD-ROMs.

While 1n the present embodiment a chromatography appa-
ratus and an 10n trap type mass spectrometer are 1llustrated,
the mass spectrometer may be comprised of any type of mass
spectrometer capable of selecting precursor ion through MS*
analysis and implementing MS~ analysis (so-called “MS/MS
analysis™). The 1on source 1s preferably comprised of an 10n
source capable of 1on1zation with as little destruction of pro-
teins or peptides as possible. One such example 1s an electro-
spray 1onization source (ESI). The chromatography appara-
tus 1s not absolutely necessary, and a mass spectrometer that
employs the matrix assisted laser desorption 1onization
(MALDI) method may also be applied.

Process Contents

FIG. 1 shows the basic processes 1n the present embodi-
ment. For the identification of a protein 1n the present embodi-
ment, peptides produced by enzymatic digestion of the pro-
tein with a predetermined digestive enzyme are subjected to
mass analysis, and each peak of the resultant mass spectrum
1s further cleaved and then subjected to mass analysis (MS/
MS analysis), thereby obtaining a mass spectrum that 1s used
for 1dentification. In FIG. 1, a method of selecting precursor
ions for MS/MS analysis 1s shown.

In the present embodiment, a human-derived protein that
has been enzymatically digested 1s assumed as a sample.

In the following, the embodiment 1s described with refer-
ence to FI1G. 1.

(a) Database of Proteins
A database of amino acid sequences 1s selected as a protein
database for comparison purposes. When it 1s a human-de-

rived protein that 1s under mvestigation, it 1s necessary to
select a database that contains at least information about

species.
One such example 1s nr (non-redundant protein database)
that 1s published by the NCBI (National Center for Biotech-
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nology Information) of the U.S. This 1s a collection of amino
acid sequences ol proteins gathered from various protein
databases.

(b) Accumulation of Amino Acid Sequences of Particular
Proteins

Amino acid sequences of proteins that are compatible with
the purpose ol measurement are accumulated from the data-
base (a).

For example, from the amino acid sequences registered 1n
the nr of NCBI, those derived from the databases of proteins
(Swiss-Prot) that have been created by the SIB (Swiss Insti-
tute of Bioinformatics) and the EBI (The European Bioinfor-
matics Institute) are extracted. From these, amino acid
sequences are further accumulated by limiting the species to
the human species.

(c) Denvation of Amino Acid Sequences of Peptides after
Enzymatic Digestion

The proteins accumulated in (b) are subjected to enzymatic
digestion with a predetermined digestive enzyme to produce
peptides, and the amino acid sequences of those peptides are
determined. The determined sequences are arranged by pro-
teins. The type of digestive enzyme used 1s designated in
advance.

(d) Calculation of the Mass of the Molecular Ions of Peptides

The mass of the peptides of each of the proteins that have
been determined 1n (c) 1s calculated as 1t 1s observed in the
form of molecular 10ns 1n a mass spectrometer.

The value of mass 1s rounded oif to the whole number.
When there 1s one peptide for each mass, 1 1s given, while 0
1s given when there 1s no peptide. When there are a plurality
of peptides having the same mass, the number of correspond-
ing peptides 1s given as the value along the vertical axis for the
mass.

(¢) Mass and Frequency Accumulation

Data regarding each protein determined in (d) 1s accumu-
lated for each mass 1n terms of the relationship between mass
and frequency. In the following description, nominal mass
will be designated by m and frequency by F, with the value of
F corresponding to m expressed by F, .

FIG. 2 shows the frequency for each mass that has been
determined on the assumption that human-derived sequences
from Swiss-Prot are derived from the nr acquired in Decem-
ber 2002, followed by digestion with trypsin. As will be seen
from the figure, large variations are observed in the value of
frequency for each mass. This indicates that the number of
corresponding peptides varies greatly depending on mass.

(1) Calculation of Weight by Mass

A Tfrequency weight pattern 1s calculated for each mass
determined 1n (¢). The following two patterns are assumed 1n
the present embodiment.

When the weight for each nominal mass (m) 1s W_, its
value can be determined as follows:

W_=1/(F, +1) (1)

In this equation (1), the weight increases as the frequency
becomes closer to zero. The result of this calculation 1s des-
ignated as weight pattern 1.

Thereatter, weight pattern 2 1s determined according to the
following equation:

W, =1-1(F, +1) (2)

In this case, the weight increases as the value of the fre-
quency increases, as opposed to the case of weight pattern 1.

Thus, 1n the present embodiment, two kinds of weight
pattern are created, of which one emphasizes lower frequen-
cies while the other emphasizes higher frequencies.
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The foregoing processes are prepared prior to making mea-
surement with a mass spectrometer. The processes following
(g) below are carried out for an actual sample.

(2) MS' Analysis
A human-derived sample 1s subjected to enzymatic diges-

tion according to the same conditions as those 1n (¢) to carry
out MS' analysis.

(h) MS' Spectrum

The MS' spectrum obtained through MS"' analysis can be
generally determined 1n terms of a relationship between the
mass-to-charge ratio and intensity. The 10ns that are observed
here become the candidates for precursor 10ns.

(1)

Extraction of Mass

From the MS' spectrum obtained in (h), information about
mass is extracted. Specifically, if there is a peak in the MS'
spectrum for each mass that exceeds a predetermined thresh-
old, 1 1s given, while 0 1s given 1f there 1s no such peak.
Namely, the presence or absence of peaks corresponding to
the mass of interest 1s indicated by the two values o1 0 and 1.
It 1s noted that the mass 1s rounded to the whole number so as
to maintain consistency with the weight patterns. When the
binarized value 1s E, the value of E for each nominal mass (m)
can be represented as E

mi

(1) Creation of Pseudospectra

Based on the presence or absence of peaks determined 1n (1)
and the weight patterns determined 1n (1), pseudospectra are
created. When the weight pattern 1s W __and the presence or
absence of apeak 1s E_, the intensity I of a pseudospectrum
can be determined by the following equation:

I, =W, xE, (3)

In this equation, the mtensity of a pseudo-peak reflects the
value of the weight pattern. When two kinds of weight pattern
are adopted, the pseudospectrum 1s also created 1n two kinds.
Namely, weight pattern 1 1s reflected 1n a pseudospectrum 1
and weight pattern 2 1s retlected 1n a pseudospectrum 2.

(k) Selection of Precursor Ions and MS/MS Analysis

Precursor ions for which MS® analysis is to be carried out
are selected by focusing on the intensity of the pseudospectra
determined 1n (). In the following, an example of how pre-
cursor 1ons are selected using pseudospectra 1 and/or 2 will be
described with reference to methods 1, 2, and 3.

In method 1, precursor 10ns are selected using pseudospec-
trum 1. Specifically, precursor 1ons are selected in order of
decreasing value of the intensity of pseudospectrum 1. Here,
weight pattern 1, in which masses of lower frequencies are
emphasized, 1s adopted 1n pseudospectrum 1. Namely, the
masses of the precursor 10ns selected here appear at lower
frequencies 1n the amino acid sequences of peptides after
enzymatic digestion that have been determined 1n (c).

In the example shown 1n FIG. 1, the masses of precursor
ions are determined 1n order of (3)—=(5)—=(1)—=(4)—=(2), 1ol-
lowed by the implementation of MS/MS analysis.

Inmethod 1, when the frequency 1s zero, the intensity of the
pseudospectrum becomes 1. This means that there 1s no infor-
mation about corresponding peptides in the database. When
protein identification processing 1s assumed alter measure-
ment, 1t 1s desirable that there 1s at least one corresponding,
peptide. Therefore, the masses for which the intensity
becomes 1 should be eliminated. When the frequency 1s high,
the intensity of the pseudospectrum exhibits values close to
zero. In such a case, 1t would not make much sense to focus on
the masses of lower frequencies. Thus, in the selection of
precursor 1ions, the range of intensity 1s important. Therefore,
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it 1s 1important to designate the range of intensity of pseu-
dospectra 1n advance and then select precursor 1ons within
such a range in order of decreasing intensity.

If a mass such that the intensity of pseudospectrum
becomes 1 ({requency 1s 0) 1s selected as a precursor 10n, the
precursor 1on could possibly correspond to a peptide that 1s
derived from an unknown protein that does not fall within the
calculation conditions according to which the mass has been
determined in (d). Even 11 the protein fall within the calcula-
tion conditions, the mass could possibly have been increased
or decreased due to post-translation modification. Con-
versely, 1f such peptides are desired to be obtained preferen-
tially, precursor 1on candidates are limited to masses such that
the intensity of pseudospectrum 1s 1.

When precursor 1ons are selected 1n order of decreasing
intensity of pseudospectrum after eliminating the masses
such that the intensity of the pseudospectrum becomes 1
(frequency 1s 0), this indicates that there 1s information about
corresponding peptides in the database and that the number of
such peptides 1s relatively small. This means that, when the
peptides or proteins are identified in postprocessing after
measurement, the peptides or proteins can be narrowed from
a smaller number of candidates. As a result, the accuracy of
identification of peptide or protein can be improved. This can
directly contribute to the reduction of the amount of sample
when measurement 1s repeated until target components have
been 1dentified. Furthermore, when the number of candidate
peptides 1s small, the time required for narrowing can also be
reduced.

In method 2, precursor 10ns are selected from pseudospec-
trum 2, in which the masses of higher frequencies are empha-
s1zed. In this case, too, precursor 1ons are selected 1n order of
decreasing intensity. When precursor 1ons are selected by this
method, the masses of the precursor ions appear with high
frequency in the amino acid sequences of peptides after enzy-
matic digestion that have been determined in (c). Thus,
method 2 1s suitable when a large number of corresponding
proteins are to be selected during the identification of proteins
alter measurement.

In the example shown 1n FIG. 1, the precursor ions are
selected 1 order of (2)—=>(4)—=(1)—=(5)—=(3), and then
MS/MS analysis 1s carried out.

In the case of method 2, there 1s an increased possibility of
obtaining information about a group of proteins having the
same sequence information, including proteins derived from
orthologous genes that have common ancestry among differ-
ent species, proteins derived from paralogous genes 1n which
mutation has accumulated after gene duplication within the
species, and proteins derived from splice variants 1n which
different mRNA 1s generated from the same gene regions on
the genome.

In method 3, the precursor 1ons that have been ordered by
methods 1 and 2 are alternately adopted. In the example
shown 1n FIG. 1, the result of selection by method 1 1s given
priority, such that the order (3)—=(2)—=(5)—=(4)—(1) 1s
adopted. In this case, by designating the masses of low 1re-
quency and high frequency 1n sequence, protein identification
accuracy during the i1dentification of proteins after measure-
ment can be improved and, therefore, the method 1s suitable
when a wide variety of proteins 1s to be selected.

Which one of methods 1 to 3 is to be adopted, and whether
the high frequency or low frequency i1s to be given priority in
method 3, are designated prior to measurement. In the fore-
going description, the influence of 1sotopes and multivalent
ions 1s omitted.

In the present embodiment, there 1s provided the function-
ality whereby, mstead of associating all of the peaks 1n the
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mass spectrum obtained by mass analysis of an actual sample
with precursor 10ns, how far down the list of the masses the
selection of precursor 1ions should go can be set 1n advance.
When an analysis 1s carried out with LC/MS, or when minute
amounts of a sample are analyzed using MALDI-MS, for
example, the time 1n which the candidate peaks for precursor
ions such as (1) to (5) are observed 1s limited. Therefore, 1t 1s
often the case that not enough time 1s available for MS/MS
analysis for all of the peaks 1n the mass spectrum. In such a
case, 1t 1s very eflective to select precursor 1ons by ordering
the masses 1n order of decreasing validity, as in the present
embodiment.

Namely, 1n the case of MALDI-MS or the like, considering
the time 1 which peaks of precursor 1on candidates are
expected to be observed, the number of precursor 10ns that are
selected 1s maximized within the range in which measure-
ment can be made 1n that time. In the case of LC/MS or the
like, because 1t 1s necessary to complete analysis within the
time 1 which precursor 1on candidates are observed, the
number of precursor 10ns 1s set 1n consideration of the time
required for MS analysis and MS/MS analysis.

(1) Identification Process Using MS/MS Spectrum

Finally, an identification process 1s carried out using the
MS/MS spectrum of the precursor 10ns selected 1n the above
step (k). In the 1dentification process, the data collected 1n the
above step (¢) and the MS/MS spectrum obtained as a result
of analysis of the precursor 1ons are used.

Thus a series of processes 1s completed.

In the following, the correspondence between the appara-
tus configuration shown 1n FIG. 3 and the contents of the
processes shown 1n FIG. 1 1s described. The processes start-
ing from the accumulation of amino acid sequences of par-
ticular proteins to the calculation of weights for each mass
shown 1n FIG. 1 are implemented in the data processing unit
17. Weight patterns 1 and 2 created 1n this unit are transierred
to the control unit 15 prior to the start of analysis of the
sample. During measurement, the sample is subjected to MS'
analysis in the control unit 15, whereby an MS" spectrum is
acquired. Then, individual processes for the extraction of
mass, creation of a pseudospectrum, and selection of precur-
sor ions are performed. In the control unit 15, MS~ analysis is
performed on the selected precursor 10ns, thereby acquiring,
an MS~ spectrum. In some cases, the process for acquiring an
MS*? spectrum from the precursor ions is repeated. Such is the
basic flow of the processes as the method shown 1n FIG. 1 1s
applied to the apparatus configuration shown in FIG. 3.

Thus, the present embodiment 1s based on the assumption
that MS' analysis and MS~ analysis are performed each time
a sample 1s mntroduced. I1 the same sample can be introduced
over a plurality of times, 1t becomes also possible to select
precursor 1ons by the method of the invention 1n a single batch
after all of the MS' spectra have been obtained in the first
measurement, and then the second and subsequent measure-
ments can be performed. In this case, the selection of precur-
sor 10ns 1s carried out not by the control unit 15 but by the data
processing unit 17.

During measurement, the designation of precursor 1ons can
be changed depending on the time that has elapsed from the
start of measurement, for example.

Screen for Setting Measurement Conditions

FI1G. 4 shows screens for the setting of various conditions,
which 1s carried out before measuring a sample. The settings
of the conditions are assumed to be realized using the display
unit 19 and the keyboard 18 1n the data processing unit 17

shown 1n FIG. 3.
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Via the screens shown in FIG. 4, 1t 1s possible to set protein
selecting conditions, frequency and weight pattern calcula-
tion conditions and results, and conditions for the selection of
precursor 1ons and MS/MS analysis, for example. In the fol-
lowing, these conditions are described brietly.

(a) Protein Selection Conditions

In this portion, a database and the species are selected from
lists as conditions for the accumulation of amino acid
sequences ol particular proteins from a protein database. A
keyword corresponding to a desired function or the like 1s also
set. In the 1llustrated example, “Swiss-Prot™ 1s selected as the
database and “homo sapiens” (human) 1s selected as the spe-
cies. In the keyword blank, “zinc finger” 1s entered, which
refers to a functional site that 1s found 1n proteins that bind to
DNA. Proteins with such a functional site are considered to be
possibly mvolved with transcription from DNA to mRNA.
Namely, the designation calls for the accumulation of human-
derived proteins 1n Swiss-Prot that are related to zinc finger.

(b) Frequency and Weight Pattern Calculation Conditions

In this portion, after the amino acid sequence of the par-
ticular proteins designated in (a) are accumulated, conditions
for the calculation of frequency information corresponding to
mass are set. First, corresponding type of modification and a
digestive enzyme are selected. Then, an 1onization method,
which has an influence on the mass of a molecular 10n, 1s
selected. Furthermore, mass accuracy for the calculation of
frequency, the range of calculation, and the defimition of mass
are designated.

While the details of the setting of modification are omitted,
it 1s important also to designate the modification site and the
probability of modification, for example. With regard to the
designation of digestive enzyme, although 1t 1s concervable to
provide additional designation for a possible case of msudifi-
cient digestion, such designation 1s omitted herein.

(c) Frequency and Weight Pattern Calculation Results

In this portion, designated calculation results regarding
frequency, weight pattern 1, and weight pattern 2 are dis-

played in a graph. The graph 1s preferably adapted for
enlargement or reduction 1n size as required.

(d) Selection of Precursor Ions and MS/MS Analysis Condi-
tions

In this portion, various conditions for the selection of pre-
cursor 1ons are set.

First, the range of mass for limiting the masses of precursor
ions 1s entered, and the threshold value of 10n intensity 1n the
MS! mass spectrum is set. Thereafter, the range of intensity
for the selection of precursor ions from pseudospectra is
designated for cases of low frequency and high frequency.
Further, a condition for the selection of precursor ions 1s
selected from “From low frequency”, “From high {fre-
quency”’, “High—low alternately” and “Low—=high alter-
nately”. It 1s also possible to designate the value and unit of
conditions for the repetition of MS/MS analysis so that the
number of precursor 10ns to be selected can be designated 1n
terms of the number of times and the duration of time, for
example. The unit can be designated from a pull-down menu.
When the number of times 1s designated, the value indicates
the number of times an MS/MS analysis 1s carried out.
Namely, this 1s a designation regarding how far down the
prioritized-list of the 1ons, which are ordered by the method
designated in the “Precursor ion” section, one should go 1n
designating precursor 1ons. When the time 1s designated, the
value 1ndicates the time that will elapse from the selection of
precursor 1ons by MS analysis t1ll the end of the last MS/MS
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analysis. If the time that 1s set here 1s exceeded, no MS/MS
analysis 1s carried out on the next candidate 10n.

Display of Measurement Results

FIG. 5 shows a graph and a table of the results of selection
ol precursor 101ns.

In the graph, frequency information that 1s obtained from
the information extracted from a database 1n advance 1s dis-
played overlapping a mass spectrum obtained by actually
analyzing a sample. Ions that are selected as precursor 10ns
are indicated by dots shown at the top ol peaks, while 1ons that
are not selected are indicated by diamonds. This graph 1s also
preferably adapted for enlargement or reduction 1n size.

The displayed table shows the mass, 1on intensity, and
frequency of each mass spectrum, and whether or not a par-
ticular 10n 1s selected. In the illustrated example, the 10ns are
sorted 1n order of increasing frequency 1n line with the setting
of “From low frequency” for the selection of precursor 1ons 1n
FIG. 4. Thus, the table allows the user to focus on frequency.

In accordance with this display screen, the precursor ions
and precursor 10n candidates that have been selected from the
mass spectrum, and the frequency information that has been
applied, are simultaneously displayed 1n the display unit 19
alter measurement, via the data processing unit 17. Therefore,
it 1s possible to verity whether or not precursor 1ons have been
selected according to the designated conditions.

Second Embodiment

In this embodiment, amino acid sequences of proteins that
have been accumulated in advance are arranged 1n terms of
mass and frequency of each protein.

In this embodiment, too, the flow of the procedure 1s simi-
lar to that shown 1n FIG. 1. The difference lies in the process
whereby the amino acid sequences of particular proteins that
have been accumulated are accumulated 1n terms of mass and
frequency (namely, the amino acid sequences of peptides
alter enzymatic digestion are not calculated, 1n contrast to the
process shown 1n FIG. 1). FIG. 6 shows a relevant portion of
the process.

The basic tlow of the process 1s described with reference to
FIG. 6.

(a) Amino Acid Sequences of Particular Proteins

As 1 the amino acid sequences of particular proteins
shown 1n FIG. 1, amino acid sequences corresponding to
target proteins are accumulated from a protein database based
on the designation of the species or the like.

(b) Calculation of the Mass of Molecular Ions of Proteins
The mass of each protein accumulated 1n (a) 1s calculated

as 1t 1s observed as a molecular 1on. The value of the mass 1s

rounded off to the whole number. When a molecular 1on

corresponding to a mass exists, 1 1s given, while 0 1s given
when there 1s no such molecular 10n.

(c) Mass and Frequency Accumulation

The data about individual proteins obtained 1n (b) 1s accu-
mulated and accumulated in terms of mass.

FI1G. 7 shows a result of accumulating human-derived pro-
teins 1n Swiss-Prot that denote “zinc finger” and then
arranged as frequency information. Namely, the figure indi-
cates the distribution of molecular weights of the thus accu-
mulated proteins.

Since many proteins have very large molecular weights, 1t
1s difficult to measure such proteins using a conventional
quadrupole mass spectrometer or 1on-trapping mass spec-
trometer. When these apparatuses are used, identification 1s
performed on the basis of peptides obtained by enzymatic
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digestion, as 1n the first embodiment. In contrast, the present
embodiment assumes the use of a mass analysis apparatus
(such as a time-of-flight mass spectrometer, or TOF-MS)
capable of measuring proteins by themselves. By applying
frequency information to such an apparatus in the present
embodiment, 1t becomes possible to selectively analyze pro-
teins having particular masses without enzymatically digest-
ing them into peptides.

Third Embodiment

The present embodiment shows an example in which selec-
tivity to particular proteins 1s improved. In particular, atten-
tion 1s focused on proteins having a functional site referred to
as “zinc finger,” which 1s believed to be mvolved with gene
expression. This embodiment 1s an extension of the embodi-
ment shown 1n FIG. 1.

FIG. 8 shows the outline of the embodiment. In this
example, the flow of FIG. 1 up to the accumulation of mass
and frequency 1s multiplexed, and a frequency difference 1s
determined from the individual results. F1G. 9 shows graphs
as examples of the calculation of frequency.

In the following, the outline of the embodiment 1s
described with reference to the flow shown in FIG. 8.

(a) Database of proteins

As 1n the amino acid sequences of particular proteins
shown 1n FIG. 1, amino acid sequences corresponding to
target proteins are accumulated from a protein database based
on the designation of the species or the like.

(b) Process According to Protein Selection Condition 1

From the protein database of (a), particular proteins are
selected according to selection condition 1. This 1s followed
by the accumulation of amino acid sequences, dertvation of
amino acid sequences of peptides alter enzymatic digestion,
calculation of the mass of molecular 1ons of peptides, and
accumulation of the mass and frequency. This flow is the
same as that of the processes shown in FIG. 1.

The graph (A) 1n FIG. 9 shows an example of the result of
processing according to protein selection condition 1. The
graph shows the frequency 1n a case where human-derived
proteins have been accumulated from Swiss-Prot and
digested with trypsin.

(¢) Process According to Protein Selection Condition 2

Particular proteins are selected from the protein database
of (a) according to selection condition 2. This 1s followed by
the accumulation of amino acid sequences, derivation of
amino acid sequences of peptides after enzymatic digestion,
calculation of the mass of molecular 1ons of the peptides, and
accumulation of the mass and frequency. This flow i1s the
same as that of the processes shown 1n FIG. 1.

This process ditters from the process according to protein
selection condition 1 1n (b) in the condition for the selection of
proteins. The graph (B) of FIG. 9 shows an example of the
result of processing according to protein selection condition
2. This example 1s based on a case where human-derived
proteins are accumulated from Swiss-Prot that denote “zinc
finger” and digested with trypsin.

(d) Calculation of Frequency Difference

The relationships between the mass and frequency that
have been determined in (b) and (c¢) are subtracted for each
mass so as to find a difference therebetween. If the total
number of frequencies 1s different between them, correction
1s made by multiplying their ratio, for example.

The graph (C) 1n FIG. 9 shows an example of the calcula-
tion of frequency difference. The example 1s obtained by
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subtracting graph (A) from graph (B) for each mass. It 1s
noted, however, that, since the total number of peptides 1s
different between graphs (A) and (B), correction was made by
multiplying graph (B) with the ratio of the total number of
peptides 1n one graph to that in the other. In this graph (C),
masses such as 667 and 1072 stand out. There 1s the possibil-
ity that these masses are associated with many peptides that
are common to zinc finger. The peptide (IHTGEKPYK;
single-letter notation of amino acids) associated with 1072 1s
often found 1n zinc finger, and 1t 1s very important to select this
peptide as a precursor 10n for the identification of zinc finger.

Namely, by selecting masses with high frequency values as
precursor 1ons based on the frequency information of graph
(C), selectivity to proteins related to zinc finger can be
improved.

In the illustrated example, the amino acid sequences of
proteins registered in the database are utilized as they are.
However, some amino acid sequences of proteins are known
to be repeated at high frequency. In some cases, 1t 1s preferable
to 1gnore such repetition sequences.

In other applications, the protein selection condition may
be determined 1n consideration of the species, protein func-
tion, structural properties, localized site within cells, expres-
sion pattern, particular diseases, or the source of data, for
example. In this way, selectivity to peptides derived from
particular proteins could be improved.

In the field of study concerned with signal transmission, for
example, phosphorylation of tyrosine 1s of great significance.
Therefore, the method for improving the selectivity to peptide
fragments of proteins of concern in which tyrosine has been
phosphorylated 1s believed to be useful. When the frequency
information for unmodified proteins is created, mass differ-
ence arises due to modification. Thus, by selecting masses
with lower frequency, selectivity to modified peptides
increases. Furthermore, a method for finding a strict differ-
ence 1n frequency information between nonmodified and
modified proteins could also be significant.

It 1s difficult to purify proteins that exist in trace amounts in
living tissues. Particularly when 1t 1s necessary to identify a
protein or peptide that constitute impurities, it 1s useful to
improve the selectivity to matters other than target sub-
stances. In this case, too, selectivity to impurities can be
expected to improve by creating frequency information
regarding target proteins and then selecting precursor 1ons
while focusing on the masses of lower frequency.

As described above, 1n accordance with the imnvention, pre-
cursor 1ons for acquiring a MS/MS spectrum necessary for
identification can be elliciently selected using frequency
information that 1s matched with the purpose of analysis.
Thus, improved identification accuracy can be achieved and
processing time can be reduced.

The invention claimed 1s:

1. A mass analysis method comprising:

obtaining amino acid sequences from protein iformation
and stored 1n a database;

estimating a mass for each of said amino acid sequences;

calculating a number of occurrences for each of said
masses;

subsequently, obtaining a mass spectrum by performing an
MS analysis of a sample with a mass analysis apparatus;

selecting a precursor 1on based on the obtained mass spec-
trum and the calculated numbers of occurrences:

performing an MS/MS analysis of the selected precursor
10on; and

performing an identification process using a mass spec-
trum obtained through the MS/MS analysis.
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2. The mass analysis method according to claim 1, turther
comprising, when the mass of the component information
obtained from said database 1s estimated, estimating a peptide
that will be obtained by enzymatically digesting each protein
with a predetermined digestive enzyme, and estimating the
mass ol each peptide.

3. The mass analysis method according to claim 1, further
comprising pre-setting the number of said precursor 1ons that
are selected.

4. A mass analysis method whereby a sample is 1onized and
a protein 1s analyzed using a mass analysis apparatus, com-
prising the steps of:

(A) obtaining information about a plurality of proteins
from an external database in which information about
proteins 1s stored;

(B) estimating masses of peptides corresponding to said
plurality of proteins;

(C) calculating a weight pattern by conducting normaliza-

tion such that 1 1s given when there 1s an estimated mass

and 0 1s given when there 1s no estimated mass;
(D) measuring a sample and acquiring a mass spectrum;
(E) normalizing the spectrum of the sample such that 1 1s
given for each mass, when there 1s amass, and 0 1s given
when there 1s no mass:
(F) creating a pseudospectrum by superposing said spec-
trum of an actual sample that has been normalized on
said weight pattern; and
(G) selecting a precursor 1on to be subjected to MS/MS
analysis from said mass spectrum of said sample based
on the created pseudo spectrum.
5. The mass analysis method according to claim 4, further
comprising creating, when said weight pattern 1s calculated, a
first pattern 1n which masses of lower frequencies are empha-
sized for and a second pattern 1n which masses of higher
frequencies are emphasized.
6. The mass analysis method according to claim 5, wherein
the mass for which the weighting value indicates the highest
value 1n said second pattern 1s eliminated when the precursor
ion to be subjected to MS/MS analysis 1s selected.
7. The mass analysis method according to claim 4, wherein
a plurality of conditions are set when information 1s obtained
from said database, and said steps (B) and (C) are performed
for each 1item of information obtained 1n accordance with
cach of said set conditions, and the difference 1n frequency of
the weight patterns according to each of said set conditions 1s
determined so as to obtain a new weight pattern.
8. A mass analysis apparatus comprising:
an 1onization unit for 1onizing a sample;
a mass analysis unit for performing mass analysis; and
a data processing unit for setting analysis conditions and
performing data processing on an analysis result,
wherein the data processing unit performs
a preparation process in which, 1n accordance with a
preset condition, amino acid sequences are obtained
from protein information stored 1n a database, a mass
1s estimated for each of said amino acid sequences,
and a number of occurrences 1s calculated for each
mass, and

a precursor 10on selection process i which, after the
preparation process, a precursor 1on to be subjected to
MS/MS analysis 1s selected 1n light of a mass spec-
trum obtained through a mass analysis of an actual
sample and 1n accordance with the calculated num-
bers of occurrences.

9. The mass analysis apparatus according to claim 8,

herein said data processing unit comprises a display unit,
herein said display unit displays said number of amino acid

ZE
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sequences for each of the masses, wherein said mass spec- 11. The mass analysis method according to claim 4, further
trum obtained l?y mass analysis of said actual sample 1s super- comprising designating a range of intensity of the pseu-
posed on the displayed contents. dospectrum, and selecting the precursor 1on within the des-

10. The mass analysis apparatus according to claim 8,
wherein whether or not each of the peaks 1n said mass spec- 4
trum obtained by mass analysis of said actual sample has been

selected as a precursor 10n 1s displayed.

ignated range 1n order of decreasing intensity.
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